A healthy scientific and technical information (STI) program is the result of objective implementation of effective and efficient processes for the production, dissemination, and utilization of information.
research was done in the first place, and significant opportunities are likely to be missed unless we put the research results into the hands of others in a timely fashion.
For the past several decades, information has become the principal product of the federal government in the midst of what can only be described as a technological revolution. As a consequence, numerous laws and regulations have been imposed that focus on information and information-related resources.
The following list identifies principal legislation affecting the overall management of federal information resources.
• The National Aeronautics and Space Act of 1958, as amended, P.L. 85-568, which requires NASA to make its research findings available to the maximum extent practical; These laws, combined with diverse agency needs and other competing interests, have not always worked to the public's advantage. In the absence of any broad study on the matter, it is not possible to quantify any resulting loss or gain. Nevertheless, it is relatively clear that hundreds of millions of dollars worth of effort are at risk.
Part of our research funding is accounted for in the federal government's Information
Technology Systems (ITS) budget for computer and telecommunications hardware, sofiware, and services needed to process, distribute, and use scientific, technical, and administrative information and data. The ITS budget amounts to more than $18 billion.
The U.S. aerospace industry dominates the world commercial aircraft market. As a result of the $17.7 billion trade surplus it produced in 1988, aerospace replaced agriculture as the leading positive indicator in the U.S. balance of trade. It matters then, in tiffs nation's interest, that research results and design information are properly released, released with a plan that provides new information first to U.S industry so that foreign interests cannot capitalize on the knowledge obtained at the expense of the U.S. taxpayers.
IS THE IMPORTANCE OF STI A NEW PHENOMENON?
Some believe that many of the STI issues are now emerging because of the evolution of information technology. Actually, the evolution of information We know the problem and we know at least pan of the solution. OTA testified at the October 1989 congressional hearings that the main reason that the governmeut lacks a comprehensive STI strategy is the failure to recognize the important linkages betwcen STI and several national goals. STI is a critical link between P,&D and the achievement of other national goals such as improving the education of U.S. scientists, the strengthening of the U.S. civilian technology base, and fostering international cooperation on global problems. If left unattended, problems in managing and using STI will reach crisis proportions as the volume and complexity of STI continue to increase. 5 The problem is not new and the fixes are not easy. Further, the implementation of solutions will have to take existing institutional mechanisms into account when winning strategies are being designed. The importance of the federal government's role in this enterprise, however, continues to be valid.
THE IDEAL STI ENVIRONMENT
The ideal STI environment would not be very complicated.
Scientists it. Unfortunately, it does not always work that way, and the key to understanding and managing such a situation rests with the need to approach the problem systematically and comprehensively.
NASA'S STI-RELATED INFORMATION MANAGEMENT PROGRAMS
NASA and its contractors generate STI at many sites and on many levels throughout the organizations. As illustrated in Figure 1 , the basic mission elements of NASA can be stratified into three categories: Administration (GSA). Often, it is the contract that brings together the diverse, and sometimes competing, technical, legal, and business interests of the government and the private sector. NASA technical managers rely on their procurement officials to assist them in acquiring and controlling contractor resources to implement NASA's scientific and engineering efforts. Given that the ratio of government to contractor staff at NASA is about 1:10 overall, procurement management is clearly an important factor in the management of NASA's scientific and technical information agenda.
The NASA Office of Safety, Reliability, Maintainability, and Quality Assurance is responsible for the independent assessment of these functions in all NASA's mission programs.
Consequently,
this office is the source of valuable engineering data about NASA's flight programs and the operation of the variety of telescopes, communications satellites, and other space orbiters deployed by NASA. Additionally, data elements on these efforts are germane to understanding the performance of the overall program in terms of national objectives, and therefore constitute a valuable input to executive information-related undertakings. 
It should be fairly clear that almost all NASA organizations can be viewed as involved in the production, dissemination, and management of STI, either directly or indirectly.
NASA STI program interfaces are shown in Figure 2 .
RESEARCH EFFORTS SUPPORTING THE MANAGEMENT AND USE OF STI
As an integral part of its space science and aeronautics research efforts, NASA has undertaken a Computer Science Research Program using advanced concepts in system architectures, algorithms, and software. The program is improving the state of knowledge of fundamental aerospace computing principles and is advancing computing technology in space applications such as software engineering and information extraction from data collected by scientific instruments in space. Emphasis is being placed on producing highly reliable software for critical space appfications and for managing the enormous volume of space data we expect to collect. Computers for Space Station Freedom alone may employ 30 million lines of computer code. In addition, as shown in Figure 3 , the projected growth rate for space science data through the mid-1990s is significant.
The program also includes the development of special algorithms and techniques to exploit the computing power provided by high performance parallel processors and special purpose architectures. Critical areas needing these advancements are computational fluid dynamics, computationalchemistry, structuralanalysis, signal processing, and image processing. NASA is conducting research in the fundamentalsof database logic. This work has resulted in the development of a common user interface for accessing datafrom several databases with different structures. This work provides the foundation that will provide to NASA space data users access to multiple databases regardless of their physical distribution or structure. This work will reduce the cost of these information searches and will allow intensive research that would otherwise be unaffordable. Other work is under way to develop and test an expert system that can assist researchers to analyze data derived from space exploration.
I. U 'VERS,T,ES,NO
NASA is conducting research to improve techniques for producing reliable computing systems. Its goals are to reduce the number of faults in software and to make fault-tolerant systems. New approaches and methods for software management and engineering have been devised and are now being evaluated under real working conditions. Future objectives for software engineering will include research on its theoretical foundation, and extending and evaluating approaches for developing reliable complex software.
This effort is coordinated within NASA through the Intercenter Planning Committee Overall, the goals of the program are to:
• implement a coordinated set of agencywide automated administrative information system capabilities for optimum productivity improvements consistent with sound management and technical practice; *achieve acceptance throughout NASA that information is a valued strategic resource that can increase effectiveness and efficiency in performing administrative and management functions; *optimize the interoperability of automated administrative information system resources, including the efficient exchange of information and transportability of software; and *optimize the effectiveness and efficiency in the management of designing, developing, and sustaining new agencywide automated administrative information systems.
In fiscal year 1989, the AIM program completed the initial phases of a review of management information needs throughout NASA. The results of this review will be the cornerstone of an appropriate data administration program to create the necessary administrative informarion architecture.
COMMON INFRASTRUCTURE CONCERNS
The discussion of the management of NASA's information programs would not be • AIM Council/HQ Reviews
• System Requiremenls Review with IPUC
• HQ Reviews
• Preliminary Design Review"
• Critical Design Review" • Test Readiness
Review"
('means all with IPUC)
• HQ Reviews government's new telecommunications system, FTS2000, as it comes into service, network security, and interoperability of local area networks with the NASA-wide telecommunications network.
The question of security is paramount, and there are a number of equally important issues addressed under such terms as internal controls, risk management, and vulnerabifity analysis.
From a security standpoint, NASA serves three communities that have distinctly different security concerns reflected in their data-processing and telecommunications operations.
• The research community in which NASA interacts operates in an open environment that fosters the free exchange of ideas. Care has to be taken not to institute controls at odds with the basic purposes of the program.
• The manned space shuttle mission operations that NASA operates are unique to NASA and are tightly controlled.
• Research information obtained from DOD is governed by the policies of DOD and are controlled as required.
Once all telecommunications concerns are addressed, the computers can acquire and process data. This presumes, of course, that some accommodations have been made to resolve the dissimilarities, among the operating systems of micro-, mini-, and mainframe computers throughout NASA. The evolving standards for Open Systems Interconnect (OSI) must be implemented to make computer software applications and files portable among data-processing environments.
(NASA employs both versions of UNIX as well as several other operating systems.)
A further important consideration here may be the need to more closely integrate access to STI with the workstation environments of the researcher. This is both a technical issue and a human one. It is not clear that the researchers themselves would want to search and retrieve information.
The Langley Research Center has implemented a pilot program that seems to work satisfactorily. Reference assistants are assigned to research organizations rather than having the researcher visit a reference library. In some cases, the problem is not the dearth of information, but the oversupply. NASA's taxonomy of STI terms is an exhaustive three-volume thesaurus that forms the basis for its information retrieval process. _ While some preliminary assessment has been made regarding the use of Boolean logic-based screening programs, such is not yet a reality. Training is required to fully exploit the database as it expands to include the increasing volume of space-related scientific and engineering reports. Last but not least are storage considerations.
There is widespread interest in the use of Because of competing priorities and the numerous demands on NASNs key executives, the Council chose to focus initially on specific issues of high importance rather than to attempt to undertake a much broader initiative. The wisdom of this approach has proven itself. Significant near-term gains are evident and information resource management plans are meshing with the more sweeping NASAwide strategic planning efforts. The Council has undertaken several important activities, including:
• reviewing NASA's software management practices and chartering the Ada and Software Management Assessment Group to provide a more comprehensive assessment; • briefing Council members on selected NASA information resource-intensive projects that have the potential to affect other NASA areas, such as Space Station Freedom;
• briefing Council members on the direction being taken in this area by the U.S. Congress, GSA, and other central agencies, and the selected experiences of other agencies comparable to NASA in dealing with these organizations on information resource management issues, including system security;
• reviewing organizational, financial, and other impediments to effective use of informarion resources;
• recommending raising the delegations of procurement authority of all NASA organizations from $1 million to $2.5 million to expedite acquisitions; and
• conducting a survey of NASA program and installation officials regarding the utility of existing standards and the need for new standards.
As early as 1964, NASA had an Intercenter Committee on ADP to coordinate informationtechnology-related matters. This committee continues to function, addressing the changing nature of the issues as the technology began to mature.
EXTERNAL ORGANIZATIONAL INTERFACES
In addition to technological considerations affecting the information management program infrastructure, there are numerous organizational interfaces that directly affect the ability of any federal agency to effectively manage its STI. These interfaces include:
• the Office of Science and Technology Policy, which establishes and coordinates policy matters of great national importance for those issues under its purview;
• the Office of Management and Budget, which must approve the funding for individual projects and institutional operations;
• the General Services Administration, which must approve all procurement actions for computer and telecommunications hardware and software above $2.5 million (GSA will also control the implementation of FTS2000 and NASA's associated costs.); • the National Archives and Records Administration, which is charged to collect information and make it available as a historic record;
• the Department of Commerce, National Institute of Standards and Technology (NIST), which must approve the use of new standards or variances from standards. NIST is also responsible for the security of sensitive (but unclassified) systems not under the purview of DOD;
• the National Security Agency, which is responsible for the security of classified systems and data under the purview of DOD;
• the congressional Joint Committee on Printing, which sets standards and control all contracts for printing of federal documents, including scientific and technical reports; • the American Institute for Aeronautics and Astronautics (AIAA), which has been designated by the American National Standards Institute to establish the standards for space-science-related information; and
• the Advisory Group for Aerospace Research and Development (AGARD) of the North Atlantic Treaty Organization (NATO), which oversees the exchange and use of aerospace STI among NATO partners and between NATO members and non-NATO nations.
LOOKING TO THE FUTURE
The foregoing was designed to give visibility to the enormous administrative framework in which information managers must work to effect the transfer of knowledge resulting from NASA's research efforts. Despite the complexity, the framework is workable and the job does get done. In many cases, what is perceived as bureaucratic is part of the system of checks and balances necessary to ensure that the objectives of both public policy and scientific merit are being met.
Since Apollo U landed on the Moon more than 20 years ago, NASA has undergone significant change. During this period, staffing levels dropped from 45,000 to 22,000. Comparable reductions in funding levels also occurred, although funding levels of the past few years have begun to increase in terms of constant dollars. Nevertheless, NASA is on an upswing
and an important part of the rebuilding process is a new assessment of its STI Program to ensure that it responsibly meets the needs of the NASA community of scientists and NASA is preparing for its future of increasingly complex and fascinating exploration and discovery. The participants in, and the beneficiaries of, these efforts will be the American people, and, to varying degrees, all nations on Earth. We believe that the management of NASA's STI will play an important role, and there is much work to do to ensure that NASA's program is objective, effective, and efficient.
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